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(54) APPARATUS AND METHOD FOR INSPECTING HOLOGRAM 

(57)Abstract: 

PURPOSE: To provide low-cost apparatus and method for inspecting a 
hologram capable of numerically accurately determining the shape and 
structure of a diffraction grating pattern included in the hologram to be 



inspected by electric means, improving the inspecting quality, conducting 
a quality control, and simply inspecting a manufacturing line or after 
delivery. 

CONSTITUTION: The method for inspecting a hologram comprises the 
steps of projecting light having a wavelength component capable of 
inspecting a diffraction grating pattern included in the hologram 7 from a 
light source 2, detecting the diffracted light reflected from the hologram 7 
by an optical sensor 4, measuring its diffraction angle and intensity, and 
numerically determining the grating pitch, direction and efficiency of the 
grating pattern from the values by calculating means 5. 




2008/05/14 



? s pn~}9 9005209 

SS 1 PN=JP 9005209 



? t/35 

Dialog eLink: Order File History 
5/35/1 

DIALOG (R)Fi I e 345: lr»padoc/Fam.& Legal Stat 
(c) 2008 EPO. All rights reserved. 
53889388 Family ID: 23889389 
<No. of Patents: 2> <No. of Countries: 1> 

Patent Basic (No. K i nd, Date) : JP 9005209 A 19970110 



APPARATUS AND METHOD FOR INSPECTING HOLOGRAM (English) 

Patent Assignee: TOPPAN PRINTING CO LTD 
Author (Inventor): EBINA KAZUYOSHI 
*** 

Patent Fam i I y : 

Patent No Kd Date App I i c No 

JP 9005209 A 19970110 JP 1995149995 

JP 3556324 82 20040818 JP 1995149995 
Pr i or I ty Data (No. K i nd, Date) : 

JP 1995149995 A 19950616 

9|a|a|<3taM«|c JAPAN (JP) *♦*♦♦** 

JAPAN (JP) PATENT (S): 
Patent (No, Kind. Date) : JP 9005209 A 19970110 
APPARATUS AND METHOD FOR INSPECTING HOLOGRAM (English) 
Patent Assignee: TOPPAN PRINTING CO LTD 
Author (Inventor) : EBINA KAZUYOSHI 
Priority (No, Kind. Date) : JP 1995149995 A 19950616 
Applic (No, Kind, Date) : JP 1995149995 A 19950616 
IPC + Level Value Position Status Version Action Source Office 
v. 6 main: G01M-011/00 

V. 8 adv : G01M-0011/00 A I F R 20060101 20051220 M JP 
V. 8 adv : G03H-0001/02 A I R 20060101 20051110 M EP 
V. 8 core: GOlM-0011/00 C I F R 20060101 20051220 M JP 
V. 8 core: 603H-0001/02 0 I R 20060101 20051110 M EP 

Date of Availability: 19970110 Unexamined printed without grant 

Language of Document: Japanese 

Update Week : Backf i I e (F i r st Week Added : 1 99708) 

Patent (No. Kind. Date): JP 3556324 82 20040818 

(No title ava i I ab I e) 
Priority (No, Kind, Date) : JP 1995149995 A 19950616 
Applic (No, Kind, Date): JP 1995149995 A 19950616 
IPG + Level Value Position Status Version Action Source Office 

V. 7 main: GOlM-011/00 

V. 7 : G03H-001/02 



Kd Date Wk Added 
A 19950616 199708 (B) 
A 19950616 200439 



V. 8 adv : G01M-0011/00 A I F R 20060101 20051220 M JP 
V. 8 adv : G03H-0001/02 A I R 20060101 20051110 M EP 
V. 8 core: G01M-0011/00 C I F R 20060101 20051220 M JP 
V. 8 core: G03H-0001/02 C I R 20060101 20051110 M EP 

Date of Availability: 20040818 Printed with grant 

Language of Document: Japanese 

Update Week: Backflle (First Week Added: 200439) 



JP,09-005209,A [CLAIMS] 



1/2 ^—t? 



* NOTICES * (-^-4:: f , \ 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A light source part which emits a beam of light containing a predetermined wavelength 
component. 

A photosensor which has sensitivity to said wavelength component. 

An attaching part which arranges said light source part and a photosensor to a hologram to be 
examined. 

A calculating means which calculates an operating characteristic value of a diffraction grating 
pattern which constitutes said hologram based on an output of said photosensor. 
Are the above the hologram test equipment which it had, and said light source part. Are arranged 
so that the beam of light may irradiate with a desired region of said hologram, and said 
photosensor. It is arranged so that the diffracted light diffracted with a diffraction grating pattern 
contained in a desired region of said hologram may be received. Said calculating means 
calculates an operating characteristic value which expresses any at least one of a lattice pitch 
of a diffraction grating pattern, a lattice direction, and the diffraction efficiency from the degree 
of angle of diffraction and intensity of the diffracted light based on an output of a photosensor. 

[Claim 2]Hologram test equipment of claim 1 with which said light source part consists of a light 
source of combination of a light source which emits line spectra, such as laser, a light emitting 
diode, and a mercury-vapor lamp, or a light source of said line spectrum, a white light source of 
a continuous spectrum, and an optical element that has wavelength selectivity. 
[Claim 3]Hologram test equipment of claim 1, wherein an optical system for adjustment which 
prepares a wave front of a beam of light emitted from the light source concerned according to 
conditions at the time of production of said hologram used as a subject of examination is 
attached to said light source part side and this optical system consists of a lens, a mirror, or a 
diffraction grating. 

[Claim 4]Claim 1 or 2 hologram test equipment in which said photosensor is what has sensitivity 
in a wavelength band to the spectral characteristic of said light source part, and has resolution 
required for detection of the diffracted light 

[Claim 5]Hologram test equipment of claim 1 which is what is formed in a rotary place and a 
coordinates position of said attaching part's request of said light source part and a photosensor 
movable. 

[Claim 6]A beam of light which contains a predetermined wavelength component from a light 
source part via an optical system for direct or adjustment, And a photosensor which adjusts the 
incidence direction, irradiates a hologram to be examined, has sensitivity for the diffracted light 
from a hologram to said wavelength component, and has resolution required for detection of the 
diffracted light is made to enter, It is an inspection method which calculates an operating 
characteristic value of a diffraction grating pattern which constitutes said hologram based on an 
output of this photosensor, and conducts quality inspection of this hologram, A hologram 
inspection method with which said operating characteristic value is characterized by expressing 
any at least one of a lattice pitch of a diffraction grating pattern calculated from the degree of 
angle of diffraction and intensity of said diffracted light which were detected by said 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the hologram test equipment and the method 
which are used for the inspection at the time of photography of a hologram, or manufacture, the 
inspection after shipment, and verification of a hologram. 
[0002] 

[Description of the Prior Art]Until now, the inspection by the time of photography of a hologram 
and a manufacturing process was investigating visually the image reproduced with the light 
source for reproduction. Or the reconstruction image was incorporated as a two-dimensional 
picture using imaging devices, such as a CCD camera, and the optical inspection method using 
image analysis was performed. The method of inspecting a stereoscopic model as two or more 
two-dimensional pictures by changing an observation position further by this method is also 
publicly known. In the hologram made as a case of being special on the assumption that it read 
by photo sensors, such as a hologram for machinery reading, the method of inspecting using the 
reader is publicly known. As known art about this etc., JP,3-21 1096,A and JP,6-76365,A are 
raised, for example. 
[0003] 

[Problem(s) to be Solved by the Invention]in the time of hologram photography, or the inspection 
by viewing by a process of reproduction, dispersion in the finished product quality which comes 
from a tester s individual difference becomes large — a numerical value — it is difficult to apply 
a managerial technique. Therefore, it is difficult for an inspecting standard not to change clearly 
for taking a measure, but to raise the whole quality effectively. If it comes to perform the follow- 
up survey of the quality after shipment, etc., in order that the standard for comparing with the 
state at the time of shipment may not remain, it is dramatically difficult only for a tester s 
memory to serve as a reliance and to conduct sufficient analysis investigation. Like the 
inspection after shipment, since the most not only of the clear judging standard not remaining 
but users are amateurs, the truth judgement of the hologram used for security has a possibility 
of mistaking truth judgment also to a crude counterfeit. In addition, in the case of the hologram 
for machinery reading, etc., there are problems, like the price of readers becomes expensive. 
[0004]This invention solves the above problem and the shape of the detailed diffraction grating 
which constitutes a hologram by an electric means instead of the inspection method for the 
reproduced image of the conventional hologram [ be / viewing / or / it / optical ], and structure 
are quantitatively searched for with high degree of accuracy, It aims at providing the hologram 
test equipment and the method of being able to aim at improvement in inspection quality, and 
improvement in the quality of a hologram product based on this, and having a simple and small 
structure and enforcing cheaply. 
[0005] 

[Means for Solving the Problem]In order to attain the above purpose, this invention is hologram 
test equipment characterized by comprising the following, and said light source part. Are 
arranged so that the beam of light may irradiate with a desired region of said hologram, and said 
photosensor. It is arranged so that the diffracted light diffracted with a diffraction grating pattern 
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contained in a desired region of said hologram may be received, That from which said calculating 
means constitutes hologram test equipment which calculates an operating characteristic value 
which expresses any at least one of a lattice pitch of a diffraction grating pattern, a lattice 
direction, and the diffraction efficiency from the degree of angle of diffraction and intensity of 
the diffracted light based on an output of a photosensor. 

A light source part which emits a beam of light containing a predetermined wavelength 
component. 

A photosensor which has sensitivity to said wavelength component. 

An attaching part which arranges said light source part and a photosensor to a hologram to be 
examined. 

A calculating means which calculates an operating characteristic value of a diffraction grating 
pattern which constitutes said hologram based on an output of said photosensor. 
Said light source part consists of combination of a light source which emits line spectra, such as 
laser, a light emitting diode, and a mercury-vapor lamp, or a light source of said line spectrum, a 
white light source of a continuous spectrum, and an optical element that has wavelength 
selectivity concretely. An optical system for adjustment which prepares a wave front of a beam 
of light emitted from the light source concerned according to conditions at the time of 
production of said hologram used as a subject of examination is attached, and this optical 
system is from a lens, a mirror, or a diffraction grating on said light source part side. Said 
photosensor is characterized by being what has sensitivity in a wavelength band to the spectral 
characteristic of said light source part, and has resolution required for detection of the diffracted 
light. Said attaching part is characterized by being what is formed in a rotary place and a 
coordinates position of a request of said light source part and a photosensor movable. A beam of 
light which contains a predetermined wavelength component from a light source part via an 
optical system for direct or adjustment. And a photosensor which adjusts the incidence 
direction, irradiates a hologram to be examined, has sensitivity for the diffracted light from a 
hologram to said wavelength component, and has resolution required for detection of the 
diffracted light is made to enter. It is an inspection method which calculates an operating 
characteristic value of a diffraction grating pattern which constitutes said hologram based on an 
output of this photosensor, and conducts quality inspection of this hologram, Said operating 
characteristic value is characterized by a hologram inspection method showing any at least one 
of a lattice pitch of a diffraction grating pattern calculated from the degree of angle of diffraction 
and intensity of said diffracted light which were detected by said photosensor, a lattice direction, 
and the diffraction efficiency. 
[0006] 

[Function]In this device, it becomes possible by holding the relative physical relationship of a 
light source and a hologram to specify the lattice pitch of the diffraction grating pattern from the 
degree of angle of emergence of the diffracted light which it is contained to the field to which 
the beam of light is irradiated, and is reflected from a diffraction grating pattern. That is. in 
addition to the lattice pitch of a diffraction grating pattern, and this, it can ask for a lattice 
direction by an operation because the position on relative space enters the diffracted light in the 
photosensor which is known to the inspecting region of a hologram. The intensity of the 
diffracted light, i.e.. diffraction efficiency, can be known from the intensity etc. of the electrical 
signal outputted from the photosensor. Dramatically accurate measurement evaluated by the 
above can be performed. Although the diffracted light by two or more diffraction grating patterns 
will eject with the spot diameter of the beam of light which enters into a hologram in the article 
constituted with the aggregate of a minute diffraction grating pattern which is represented by 
the hologram, Since distribution of this diffracted light can be regarded as light-receiving 
intensity distribution on a photosensor side, it can ask for the lattice pitch and lattice direction 
of a diffraction grating pattern which are included from that distribution in an irradiation area by 
an operation. Since hologram test equipment is constituted so that a light source part and a 
photosensor can move relatively to a hologram, it becomes possible to perform arbitrarily 
measurement by two or more [ on a hologram side ]. 
[0007] 
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[Example]Hereafter, the example of this invention is described based on a drawing. The outline 
lineblock diagram in which drawing 1 shows one example of this invention, the mimetic diagram 
drawing 2 explains the outline of the inspection method of this example to be, and drawing 3 are 
the drawings for explaining the analyzing method which searches for the fine structure of a 
diffraction grating pattern. 

[0008]As shown in drawing 1 , the hologram test equipment 1 of this example serves as the light 
source part 2, the optical system 3 for adjustment attached to the light source part 2, the 
photosensor 4, and the calculating means 5 from rotation and the attaching part 6 grade 
supported movable in the light source part 2, the photosensor 4, and the hologram 7 to be 
examined. 

[0009]The light source part 2 consists of what emits the beam of light containing a wavelength 
component required for the inspection of the hologram 7, For example, gas laser represented by 
the semiconductor laser, such as solid state laser and helium-Ne laser. It consists of what 
combined optical elements (for example, a dichroic mirror, a dichroic filter, etc.) with the white 
light source etc. and wavelength selectivity of a light source simple substance with line spectra, 
such as a light emitting diode and a mercury-vapor lamp, or a light source with said line 
spectrum, an incandescent lamp, etc. Since the light source part 2 irradiates the measurement 
point (desired region) of the hologram 7 used as a subject of examination with the beam of light 
of incoming line angle theta^, it is supported by the attaching part 6 so that rotation or impaction 

efficiency is possible (the supporting structure omits). It is for the optical system 3 for 
adjustment adjusting the beam of light irradiated by the hologram 7 to the reference beam and 
conjugate conditions which were used at the time of production of the hologram 7 concerned, 
preparing the wave front of light, and on the other hand, raising the accuracy of measurement of 
the hologram 7. For example, optical elements, such as a convex lens, a concave lens, a mirror, 
or a diffraction grating, are used. 

[OOlOjThe photosensor 4 consists of area sensor 11 grade which has arranged the countless 
photo detector which consists of a sensor which has sensitivity to said wavelength component, 
and consists of the line sensor 8 which put in order primarily two or more photo detectors 8a, 
8b, 8c, and 8d as shown in drawing 1 , or CCD9 grade on a flat surface in two dimensions. A fixing 
position is supported by the attaching part 6 movable so that the photosensor 4 can receive the 
diffracted light from the hologram 7. What is necessary is actually, to choose the line sensor 8 
and the area sensor 1 1 suitably according to examination contents etc., and just to include in 
test equipment. 

[001 1]The calculating means 5 consists of microcomputers etc., is connected with the 
photosensor 4, and calculates the operating characteristic value of the diffraction grating pattern 
contained in the hologram 7 based on the signal output according to the detection result of the 
diffracted light by the photosensor 4. As an operating characteristic value, the lattice pitch of a 
diffraction grating pattern, a lattice direction, diffraction efficiency, the fine structure of a 
diffraction grating, etc. are raised. 

[0012]The attaching part 6 is rotation or a thing supported movable about the light source part 2 
and the photosensor 4, as described above. As shown in drawing 1 . the hologram 7 is also 
supported movable along an arrow direction. 

[0013]Next, the inspection method of the hologram 7 by this example is explained. Generally 
between lattice pitch p of a diffraction grating pattern and the emitting angle theta of the 
diffracted light, i.e., an angle of diffraction, a following formula is materialized. 
P=lambda/(sinthetaQ+sintheta) ... (1) 

(1) In a formula, lambda is the wavelength of the beam of light emitted from the light source part 
2, and thetag is an incidence angle of the beam of light concerned. Therefore, lattice pitch p is 

theoretically called for by detecting the emitting angle theta of the diffracted light with the 
photosensor 4. 

[0014]If it irradiates with the diffraction grating pattern contained to the predetermined field 12 
of the hologram 7 in the beam of light which has the light intensity distribution of glass 
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distribution of the wavelength lambda by incidence angle thetaQ from the light source part 2 as 

shown in the mimetic diagram of drawing 2 , the diffracted light will be emitted with glass 
distribution from the diffraction grating pattern concerned. This diffracted light is received by the 
line sensor 8 or the area sensor 11. In the optical composition arranged on the same side, 
incident light and the diffracted light can receive the diffracted light, for example using the line 
sensor 8. The detect output serves as light-receiving intensity distribution which met in the 
direction of one dimension of the line sensor 8 (the direction of X), as shown in a graph. If the 
angle of diffraction theta can be found and the aforementioned (1) formula is calculated using the 
value of this, known incidence angle thetaQ, and the wavelength lambda by reading the peak 

position of this intensity distribution, the lattice pitch of the diffraction grating pattern contained 
in an irradiation area will be called for. The diffraction efficiency of a diffraction grating pattern 
asks based on the peak level of light-receiving intensity distribution. On the other hand, when 
the diffracted light is distributed In the direction of two dimensions (x and y direction), the 
diffracted light is received using the area sensor 1 1, and two-dimensional light-receiving 
intensity distribution is acquired. In this case, in addition to a lattice pitch and diffraction 
efficiency, a lattice direction is detectable. That is, the two-dimensional position of a lattice 
direction (lattice direction) and a peak is correlated mutually. Next, the inspection of the 
diffraction grating pattern in places other than said field 12 is conducted by the same method as 
the above by moving the hologram 7 suitably. 

[0015]If the diffraction grating pattern of the hologram 7 is ******(ed) as shown in drawing 3 (a), 
it will be formed from the uneven part of the pitch p. If it compares to an electric wave, the 
shape of a subcarrier is resembled, and this fundamental diffraction grating configuration is the 
subcarrier diffraction grating 13 and nominal **** temporarily. On the other hand, two or more 
detailed diffraction gratings superimposed on this other than the aforementioned subcarrier 
diffraction grating 13 are intricately included by the diffraction grating pattern formed on the 
hologram 7. It is compared to the modulated wave which is in a subcarrier, and this detailed 
diffraction grating is the modulated wave diffraction grating 14 and nominal ****. If the 
photosensor 4 detects the diffracted light reflected from diffraction gratings, such as this, the 
light-receiving intensity distribution which has a peak of shoes to correspond to the subcarrier 
diffraction grating 13 and the modulated wave diffraction grating 14 like drawing 3 (b) will be 
searched for. The fine structure of a diffraction grating pattern can be grasped by analyzing this 
peak. 
[0016] 

[Effect of the Invention]In this invention, the lattice pitch in the minute diffraction grating unit 
which constitutes the hologram, a lattice direction, and diffraction efficiency can be related 
wholly or in part, and it can measure simultaneously. 

Therefore, the evaluated dramatically accurate hologram inspection can be conducted. 
By recording this coded data, it becomes possible to be adapted in a numerical management 
method, and it becomes possible to raise the whole quality effectively. Also in the inspection 
after shipment, since the digital data used as a standard remains, sufficient inspection can be 
conducted. Since anyone can perform exact measurement by unifying a device, dispersion in 
measurement by an operating personnel can be pressed down, and since structure can moreover 
also be simplified, a miniaturization is easy and has a merit which can also lessen failure. Since it 
is easy to standardize the parts which it not only can use cheap parts, but constitute test 
equipment since it is possible to use the parts of various specifications for a light source or a 
photosensor, low-pricing becomes easy. 

[Translation done.] 
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